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(57) ABSTRACT 

The invention relates to an electronically commutated elec 
tric motor having a multi-pole magnetized permanent mag 
net, a plurality of ?ux guide units each of Which features at 
least one ?ux collector section and one ?ux concentrator 

section, Whereby each ?ux guide unit picks up a radial 
magnetic ?ux from the permanent magnet and redirects it 
into a transversal magnetic ?ux, and having a plurality of 
coils each of Which is allocated to a ?ux guide unit and is 
arranged axially parallel to the permanent magnet. 

22 Claims, 10 Drawing Sheets 
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ELECTRONICALLY-COMMUTATED 
ELECTRIC MOTOR COMPRISING COILS 

WITH PARALLEL AXES 

This application claims priority to the ?ling date of 
German Patent Application No. 101 46 123.2 ?led Sep. 19, 
2001, and the PCT Application No. PCT/EP02/09358 ?led 
Aug. 21, 2002; the speci?cation of both of these appications 
are incorporated herein in their entirety. 

FIELD OF THE INVENTION 

The invention relates to an electronically commutated 
electric motor With an n-pole radially or diametrically mag 
netiZed permanent magnet that combines the advantages of 
a radial ?uX design and a transversal ?uX design. For this 
purpose, the invention proposes a neW design for an elec 
tronically commutated electric motor. 

BACKGROUND OF THE INVENTION 

A description of the prior art concerning high-perfor 
mance electronically commutated electric motors is cited by 
Hendershot in “Design of Brushless Permanent Magnet 
Motors”. According to this, an electronically commutated 
electric motor consists of the folloWing characteristic com 
ponents: 

1. Stationary stator and rotor in a radial ?uX design 

The stator consists, for eXample, of a laminated iron ring 
and a Winding mostly made up of three phases. The lami 
nations of the iron ring are subdivided into the characteristic 
parts of tooth, hammer and back iron yoke. The Winding is 
inserted in the area enclosed by the tooth, hammer and back 
iron yoke. The area in Which the Winding is inserted is called 
a “slot”. The iron ring can be designed to suit various slot 
con?gurations. 

The rotor consists of a back iron yoke and the permanent 
magnet generating the ?uX. The permanent magnet can be 
composed of several segments; it is preferably made from a 
single piece and n-pole radially or diametrically magnetiZed. 
The number of poles (P) corresponds to the number of 
magnetiZed pole areas With alternating polarity. The rotor 
can be designed as an inner or outer rotor motor. For outer 

rotor motors, the stator is designed With the back iron yoke 
located inside and the tooth and hammer pointing toWards 
the outside. For inner rotor motors the stator is designed With 
the back iron yoke on the outside and the tooth and hammer 
pointing toWards the inside. The magnet on the rotor of an 
outer rotor motor is located inside and the back iron yoke 
outside. The magnet on the rotor of an inner rotor motor is 
located outside and the back iron yoke inside. 

This motor design is based on the radial ?uX principle; ie 
the magnetic ?uX penetrates the coils in relation to the 
permanent magnet and its rotational aXis in an essentially 
radial direction. The required offset in the phases of the 
motor depends on the number of slots, poles and phases and 
is set by placing the phase Windings in different areas of the 
stator. 

2. Commutation device 

The motor should be designed With a commutation device 
Which, dependent on the position of the rotor, selects the 
energiZing pattern for the coils that generates maXimum 
torque. The commutation device mostly takes the form of 
Hall position sensors in combination With a sensor magnet 
and a MOSFET poWer ampli?er. Here, the Hall position 
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2 
sensors detect the momentary position of the rotor and 
trigger the MOSFET poWer ampli?er in the required man 
ner. 

For electronically commutated motors of the described 
construction, many different combinations of numbers of 
poles (2P) and of slots (n) are knoWn. Through the choice of 
the number of poles and slots, the motor can be adapted to 
various requirements, such as a trapeZoid torque Waveform, 
sinoid torque Waveform, loW detent torque etc. For espe 
cially loW detent torque a cant of 2J'c/n for the pole transitions 
betWeen the magnets is frequently suggested. 

The main disadvantages of the standard motor design for 
electronically commutated motors lie in the costly manu 
facturing processes to fabricate the Windings for inner rotor 
motors, and the lack of a stationary housing and the high 
costs of magnets for outer rotor motors. 

3. Stator and rotor in a transversal ?uX design 
For each motor phase in a transversal ?uX machine, a 

rotor section With a permanent magnet, or With a permanent 
magnet section, is provided that has magnetiZed, alternating 
poles. The stator has ?uX guide units With claWs to redirect 
the radial magnetic ?uX into a transversal magnetic ?uX, 
Whereby the claWs eXtend parallel to the rotational aXis of 
the permanent magnet net and in the vicinity of the magnetic 
pole surfaces of the permanent magnet. Each ?uX guide unit 
belonging to a phase of the transversal ?uX machine 
encloses a concentrically Wound toroid coil Which, in rela 
tion to the permanent magnets, is essentially enclosed by the 
magnetic ?uX in a longitudinal direction. For each mul 
tiphase transversal ?uX machine, several such rotor/stator 
units are arranged neXt to each other on one aXis or stacked 

one on top of the other, Whereby the required offset of the 
phases is achieved by using several permanent magnets or 
magnet sections Which are offset in relation to each other, or 
by stacking the stator units With the appropriate offset in the 
angle of rotation. Each phase thus has its oWn pole or 
armature system having a rotor With a permanent magnet, a 
stator and a dedicated toroid coil. The number of ?uX 
collectors or claWs corresponds to the number of poles. 
An eXample of a knoWn transversal ?uX machine With 

further references to the prior art can be found in DE 198 18 
035 A1. 

Although the transversal ?uX design has the advantage of 
a simpler Winding technique for the coils, it requires a higher 
magnetic volume compared to the radial ?uX machine to 
generate a comparable magnetic ?uX. Moreover, the trans 
versal ?uX machine has the disadvantage that the number of 
magnetic poles has to correspond to the number of ?uX 
collectors or claWs on the ?uX guide units Which goes to 
restrict the means of in?uencing the torque Waveform for the 
transversal ?uX machine. 

U.S. Pat. No. 5,854,526 describes a direct current motor 
having a multi-pole permanent magnet and several ?uX 
guide units. Each ?uX guide unit has a ?uX collector section 
and ?uX concentrator section, Whereby each ?uX guide unit 
picks up a radial magnetic ?uX from the permanent magnet 
and redirects it into a transversal magnetic ?uX. In addition, 
the motor has several coils arranged aXially parallel to the 
permanent magnet. The purpose of the motor design 
revealed in this patent is to provide a loW-cost DC motor 
With a large torque and good performance Which can be 
manufactured With precision. 
DE 1 018 142 describes a self-running synchronous motor 

With tWo coaXially attached coils that have serrate pole 
plates made of ferromagnetic material at their ends featuring 
an approximately even number of annular teeth. The teeth of 
tWo pole plates belonging to different coils are combined 
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together to form one tooth. The purpose of this arrangement 
is to increase the number of pole divisions per unit of length. 

The object of the present invention is to provide a neW 
principle for an electronically commutated electric motor 
Which has coils that are easy to Wind, Which can achieve a 
comparable performance in relation to knoWn radial ?ux 
machines and Which alloWs any desired combination of the 
number of poles of the permanent magnet and the number of 
slots of the stator to enable the torque Waveform to be 
in?uenced according to requirements. 

SUMMARY OF THE INVENTION 

This object has been achieved through an electronically 
commutated electric motor having the characteristics out 
lined in claim 1. Preferred embodiments of the invention are 
given in the sub-claims. 

The electric motor presented in the invention has a rotor 
With magnet segments or With a one-piece multi-pole mag 
netiZed permanent magnet, and several ?ux guide units each 
of Which have at least one ?ux collector section, preferably 
several ?ux collector sections, Whereby the ?ux guide unit 
picks up a radial magnetic ?ux from the permanent magnet 
and redirects it into a transversal magnetic ?ux. The electric 
motor additionally includes several coils each of Which is 
allocated to one of the ?ux guide units and arranged axially 
parallel to the permanent magnet and its rotational axis. 
By nesting several ?ux guide units for several phases of 

the electric motor Within each other, as described in further 
detail beloW, it is possible to realiZe a multiphase electric 
motor Which operates With a single radially magnetiZed 
permanent magnet and, for each phase, features one or more 
annular axially parallel coils Which, hoWever, in contrast to 
the conventional transversal ?ux machine are not concentric 
to the permanent magnet but rather (for an inner rotor motor) 
arranged on its outer circumference parallel to the rotational 
axis of the permanent magnet. For an outer rotor motor, the 
coils are accordingly arranged on the inner circumference of 
the permanent magnet. This alloWs the coils to be more 
easily Wound than is the case With radial ?ux machines and 
it also alloWs for a more compact construction than is the 
case With conventional transversal ?ux machines. In par 
ticular, the invention alloWs the use of simple pre-fabricated 
coils, so-called preformed coils, Which makes the electric 
motor considerably easier to manufacture. 

The permanent magnet of the present invention is either 
a single piece or made up of segments and arranged on a 
rotor With a back yoke ring, and the coils are on coil cores 
Which are coupled With the ?ux concentrator and a back iron 
yoke. In a preferred embodiment of the invention, each ?ux 
concentrator section of a ?ux guide unit forms a ring or a 
ring section Which is essentially concentric to the permanent 
magnet. In this context, a ring is not necessarily circular in 
shape and the ?ux concentrator can rather be formed as a 
polygon, an oval or suchlike. The ?ux collectors are 
arranged at the inner circumference of the ?ux concentrator 
rings (for an inner rotor motor design; for an outer rotor 
motor, at the outer circumference) and extend essentially 
parallel to the rotational axis of the permanent magnet and 
are located in the vicinity of its poles. The function of the 
?ux collector sections is similar to that of the hammer in the 
stator stack of a radial ?ux machine so that in the electric 
motor of the present invention, almost any required combi 
nation of numbers of poles and of slots can be realiZed. 

The motor presented in the invention can take the form, 
for example, of any knoWn design variations for three-phase 
electronically commutated DC motors that operate With 
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4 
concentrated Windings. These include, for example, the 
variations of six slots (according to the ?ux collector sec 
tions) With four poles, nine slots With six poles, tWelve slots 
With eight poles and all other variations Which satisfy the 
equation 

number of slots (no. of ?ux collector sections) 
=1.5><number of poles. 

Moreover, special designs such as 12 slots With 10 poles 
and 12 slots With 14 poles etc. can be realiZed. By concen 
trating the magnetic ?ux of the individual ?ux collector 
sections in the associated ?ux concentrator section, the 
number of coils per phase can also be varied. 

According to the invention, for each phase of the electric 
motor, several coils, preferably one or tWo coils, can be 
provided Which are arranged on coil cores Which are con 

nected to the respective ?ux concentrator section of an 
associated ?ux guide unit. The coil core sections extend 
essentially parallel to the rotational axis of the permanent 
magnet and are connected at the end lying opposite the ?ux 
concentrator section to a common magnetic back yoke ring. 
This design even alloWs the number of coils per phase to be 
varied. 

Aparticularly compact design of the electric motor of the 
present invention is achieved in that the ?ux guide units are 
coaxially arranged one on top of the other and nesting into 
each other in such a Way that the ?ux collector sections and 
the coil cores of an outer ?ux guide unit, both of Which 
extend parallel to the axis of the permanent magnet, pass 
through an inner ?ux guide unit through appropriate cutouts. 
The ?ux collector sections of the individual ?ux guide units 
are offset in relation to each other in such a Way that they end 
up lying regularly spaced in a concentric circle around the 
permanent magnet. 

In a particularly preferred embodiment of the invention, 
this outermost ?ux guide unit and the back iron yoke can be 
designed in such a Way that they each carry bearings to 
support a rotor shaft. To magnetically de-couple the rotor 
and stator, the rotor shaft can, for example, be made of a 
magnetically non-conductive material, or any other suitable 
form of de-coupling, for example in the bearings, can be 
provided. By accommodating the shaft bearings in the 
magnetic ring, the motor ?anges normally required for this 
purpose are no longer needed. 

All parts of the magnetic ring, ie in particular the ?ux 
guide units and the magnetic back yoke ring can be manu 
factured as simple molded sheet-metal parts Which means 
that the motor can be manufactured quickly and effectively. 
As an option, parts of the iron ring can also be made from 
sheet metal. 

The electric motor presented in the invention enables 
many different combinations in the number of poles and 
slots—as is usual for radial ?ux machines—to be realiZed in 
a transversal ?ux arrangement, Whereby the coils can take 
the form of toroid coils Which are much easier to Wind. The 
arrangement of the axially parallel coils on the circumfer 
ence of the permanent magnet alloWs the ?ux guide units 
and coils for the respective phases to be nested into each 
other in such a Way that for all phases a single multi-polar 
permanent magnet can be used, Which results in a more 
compact design than is usual for transversal ?ux machines. 
The invention has the additional advantage that the bearings 
for the rotor shaft can be accommodated in the magnetic ring 
so that additional motor ?anges are not necessary. 
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SHORT DESCRIPTION OF THE DRAWINGS 

These and other advantages of the invention can be 
derived from the following description of preferred embodi 
ments With reference to the draWings. In the ?gures: 

FIG. 1 shoWs a schematic cross-section through the 
electric motor in accordance With a ?rst embodiment of the 
invention along the line B—B in FIG. 2; 

FIG. 2 shoWs a schematic longitudinal vieW through the 
electric motor in accordance With a ?rst embodiment of the 
invention along the line A—A in FIG. 1; 

FIG. 3 shoWs a perspective exploded vieW of the electric 
motor in accordance With a ?rst embodiment of the inven 

tion; 
FIG. 4 shoWs a bottom vieW of an assembly Which 

includes three pre-mounted ?ux guide units in accordance 
With a second embodiment of the invention; 

FIG. 5 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?ux guide units in accordance 
With a third embodiment of the invention; 

FIG. 6 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?ux guide units in accordance 
With a fourth embodiment of the invention; 

FIG. 7 shoWs a punched/bent part Which can be used to 
manufacture a ?ux guide unit in accordance With the fourth 
embodiment of the invention; 

FIG. 8 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?ux guide units in accordance 
With a ?fth embodiment of the invention; 

FIG. 9 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?ux guide units in accordance 
With a sixth embodiment of the invention; 

FIG. 10 shoWs a punched/bent part Which can be used to 
manufacture a ?ux guide unit in accordance With the sixth 
embodiment of the invention; 

FIG. 11 shoWs a schematic longitudinal vieW through the 
electric motor in accordance With a seventh embodiment of 
the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In FIGS. 1 and 2, a preferred embodiment of an elec 
tronically commutated DC motor in accordance With the 
invention is shoWn, Whereby FIG. 1 is a cross-section of the 
motor along the line B—B in FIG. 2 and FIG. 2 is a 
longitudinal vieW of the motor along the line A—A in FIG. 
1. 

The electric motor of the invention has a rotor 10 and a 
stator 12, Whereby the illustrated motor is constructed 
according to the principle of an inner rotor motor. HoWever, 
the invention can be equally applied to outer rotor motors, 
Whereby the technician can reverse the structure of the 
motor described beloW in order to design it as an outer rotor 
motor. 

The rotor 10 includes a rotor shaft 14, a back yoke 16 
Which is located on the rotor shaft 14 and a multi-pole 
magnetiZed permanent magnet 18, Which can take the form 
of a permanent magnet ring or a segmented permanent 
magnet. FIG. 1 shoWs a permanent magnet 18 With eight 
poles 20, 22, Without the invention of course being restricted 
to a speci?c number of poles. 

The electric motor shoWn in FIG. 1 and 2 has three ?ux 
guide units 24, 26, 28 each having an annular ?ux concen 
trator section 30, 32, 34 and, in the embodiment illustrated, 
four ?ux collector sections 36, 38, 40. The ?ux guide units 
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6 
24, 26, 28 are magnetically de-coupled by means of a layer 
made of a paramagnetic or diamagnetic material 42, 44, such 
as aluminum. 

Opposite the ?ux guide units 24, 26, 28 is a common back 
iron yoke 58 that carries three coil cores 46, 48, 50 each of 
Which accommodates a toroid coil 52, 54, 56 Which extend 
axially parallel to the rotor shaft 14 and the permanent 
magnet 18. The coils 52, 54, 56 for the inner rotor construc 
tion illustrated in the ?gures, are equally distributed around 
the circumference of the permanent magnet 18 as shoWn in 
FIG. 1. 
At the ends located opposite to the back iron yoke 58, the 

coil cores 46, 48, 50 are connected to the associated ?ux 
concentrator sections 30, 32, 34 of the ?ux guide units 24, 
26, 28. A magnetic circuit is formed via the ?ux collector 
sections, the ?ux concentrator sections, the coil cores and 
the back iron yoke, Whereby, in operation, the toroid coils 
52, 54, 56 are transversally penetrated by the magnetic ?eld. 

Finally, in FIG. 2 bearings 60, 62 are also shoWn Which 
are used to support the rotor shaft 14, Whereby a ?rst bearing 
60 is supported by the outer ?ux guide unit 24 and the 
second bearing 62 is supported by the back iron yoke 58. 

In the illustrated embodiment of the electric motor pre 
sented in the invention, three ?ux guide units 24, 26, 28 With 
their associated coils 52, 54, 56 are provided for the three 
phases of an electronically commutated DC motor that can 
be energiZed via a commutation device in a manner knoWn 
to the technician. Aparticularly compact design is achieved 
When the ?ux guide units 24, 26, 28 are nested Within each 
other and the outermost ?ux guide unit 24 as Well as the back 
iron yoke 58 can accommodate the bearings 60, 62 for the 
rotor shaft 14. 

Apreferred design for the ?ux guide units, the back iron 
yokes and the coil cores can be more clearly seen from FIG. 
3. It should be noted that all ?gures are schematic vieWs of 
the invention, Whereby the individual components of the 
electric motor presented in the invention can be realiZed in 
various Ways. The components can, for example, be turned, 
milled or formed through punch/bending processes. 

FIG. 3 schematically shoWs the electric motor in accor 
dance With the invention in a perspective exploded vieW. 
FIG. 3 shoWs the disc-shaped back iron yoke Which is 
formed from a ?at annular disc made from a magnetically 
conductive material and has holes (not illustrated) to attach 
the coil cores 46, 48, 50 as Well as a bearing carrier at its 
center (not illustrated in FIG. 3) to accommodate the rotor 
shaft bearing. The coil cores 46, 48, 50 can be attached to the 
back iron yoke 58 via the holes by means, for example, of 
screWs or rivets (not illustrated). Each coil core carries a 
toroid coil 52, 54 or 56 respectively. 

FIG. 3 also shoWs an outer, a middle and an inner ?ux 
guide unit 24, 26 or 28 respectively in further detail. 
The outer ?ux guide unit 24 has an annular ?ux concen 

trator section 30 and four ?ux collector sections 36 on its 
inner circumference extending perpendicular to it. The ?ux 
concentrator section 30 features a central hole With a bearing 
carrier 68 to accommodate the bearing 60 supporting the 
rotor shaft 14. The ?ux concentrator section 30 additionally 
features holes 70 distributed around its circumference for the 
purpose of attaching the coil core 46 by means of screWs or 
suchlike. 
The ?ux guide units 24, 26, 28 have a basically similar 

structure to each other but are so adapted that they can be 
nested Within each other. 
The middle ?ux guide unit 26 features an annular ?ux 

concentrator 32 and four ?ux collector sections 38 on its 
inner circumference extending perpendicular to it. The ?ux 
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concentrator section 32 features a central opening 72 to let 
the ?ux collector sections 36 of the outer ?ux guide unit 24 
pass through, Whereby in a mounted condition, the ?ux 
collector sections 36 and the ?ux collector sections 38, 
Which lie on the same radius, are offset in relation to each 
other in such a Way that they end up lying next to each other 
as shoWn in FIG. 1. Moreover, the ?ux concentrator section 
32 features an opening 74 to let the coil core 46 belonging 
to the outer ?ux guide unit 24 pass through, as can be seen 
in FIG. 2. Finally, the ?ux concentrator section 32 features 
holes 76 distributed around its circumference for the purpose 
of attaching the coil core 48 by means of screWs or suchlike. 

The inner ?ux guide unit 28 is designed essentially in the 
same Way as the middle ?ux guide unit 26 and includes a 
?ux concentrator section 34 and four ?ux collector sections 
40 on the inner circumference of and extending perpendicu 
lar to the ?ux concentrator section 34; a central opening 78 
to let the ?ux collector sections 36, 38 of the outer and 
middle ?ux guide units 24, 26 pass through, Whereby the 
?ux collector sections 30, 32, 34, are offset in relation to 
each other in such a Way that they end up lying next to each 
other as shoWn in FIG. 1. In the ?ux concentrator section 34 
of the inner ?ux guide unit 28, tWo openings 80, 82 are 
provided to let the coil core 46 allocated to the outer ?ux 
guide unit 24 and the coil core 48 allocated to the middle ?ux 
guide unit 26 pass through. Finally, ?ux concentrator section 
34 of the inner ?ux guide unit 28 also features holes 84 for 
the purpose of attaching the coil core 50 by means of screWs 
or suchlike. 

FIG. 3 shoWs that the coil core 46 allocated to the outer 
?ux guide unit 24 is essentially the same length as or slightly 
longer than the ?ux collector sections 36 of the outer ?ux 
guide unit 24; the coil core 48 allocated to the middle ?ux 
guide unit 26 is the same length as or slightly longer than the 
?ux collector sections 38 of the middle ?ux guide unit 26, 
and the coil core 50, allocated to the inner ?ux guide unit 28 
is the same length as or slightly longer than the ?ux collector 
sections 40 of the inner ?ux guide unit 28. 
When the ?ux guide units 24, 26, 28 and the back iron 

yoke 38 With the attached coil cores 46, 48, 50 are mounted 
in the ?nished electric motor, the ?ux collector sections 36, 
38, 40 extend in an alternating sequence at the inner cir 
cumference of the ?ux concentrator sections 30, 32, 34, 
parallel to the rotational axis of the permanent magnet and 
in the vicinity of its poles, Whereby the ?ux collector 
sections of the outer ?ux guide units pass through the 
openings 72, 78. 

The coil cores 46, 48, 50 With the toroid coils 52, 54, 56 
Wound on them extend outside the ?ux collector sections 36, 
38, 40 axially parallel to the permanent magnet, Whereby the 
coil cores carrying the coils are distributed equally around 
the circumference of the permanent magnet. It should be 
noted that instead of one coil per phase and ?ux guide unit 
of the electric motor, tWo or three coils, for example, could 
be provided. The coil cores 46, 48 of the outer ?ux guide 
units 24, 26 pass through openings 74, 80, 82 in the inner 
?ux guide units Which are provided for this purpose. The 
length of the coil cores 46, 48, 50 is calculated so that the 
free ends of the coil cores lie in one plane and can be 
connected to the back iron yoke 58. 

In the electric motor of the present invention, for the 
toroid coils 52, 54, 56, simple pre-fabricated coils, so-called 
preformed coils, can be used making the Winding process 
considerably easier than in the case of conventional radial 
?ux machines. All parts of the magnetic circuit and in 
particular the ?ux guide units 24, 26, 28 and the back iron 
yoke 58 can be made from formed sheet metal parts which 
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goes to simplify the manufacturing process even further. 
Even a laminated stator, as in a conventional radial ?ux 
machine, can be used. 
The nested design alloWs the ?ux collector sections 36, 

38, 40 of the ?ux guide units 24, 26, 28 to lie alternately next 
to each other on one radius so that a single permanent 
magnet is suf?cient for a three or more phase electric motor 
and the result is a particularly compact construction. By 
concentrating the magnetic ?ux in several ?ux collector 
sections per phase, the relationship betWeen the number of 
?ux collector sections, Which correspond to the slots of a 
radial ?ux motor, and the poles of the permanent magnet can 
be varied almost at Will in order to set a required torque 
Waveform as described in the introductory paragraphs to this 
application. 
By concentrating the magnetic ?ux via the individual ?ux 

collector sections in the ?ux concentrator section it is also 
possible to use one or more coils for each phase. 

FIG. 4 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?ux guide units nested Within 
each other according to a second embodiment of the inven 
tion. The innermost ?ux guide unit is indicated by 86 and the 
?ux guide units located further out are indicated by 88 and 
90. In this second embodiment, each ?ux guide unit has an 
annular ?ux concentrator section 86-1, 88-1, 90-1, four ?ux 
collector sections 86-2, 88-2, 90-2 and eight coil cores 86-3, 
88-3, 90-3, Whereby the ?ux collector sections and the coil 
cores are connected to their associated ?ux concentrator 
section. In the ?nished motor, the ?ux collector sections 
86-2, 88-2, 90-2 extend axially parallel to the permanent 
magnet and its rotational axis in the vicinity of the poles of 
the permanent magnet. They pick up the radial magnetic ?ux 
of the permanent magnet and guide it to the associated ?ux 
concentrator section 86-1, 88-1, 90-1. Coil cores 86-3, 88-3, 
90-3 are provided on the outside of the ?ux concentrator 
section 86-1, 88-1, 90-1 Which also extend axially parallel to 
the rotational axis of the permanent magnet. The coil cores 
of the outer ?ux guide units 88, 90 pass through cutouts in 
the inner circumference of the inner ?ux concentrator sec 
tions 86-1, 88-1. The ?ux guide units 86, 88, 90 according 
to the second embodiment of the invention are preferably 
manufactured as punched/bent parts as explained beloW in 
reference to FIG. 11. HoWever, the invention is not restricted 
to a speci?c means of manufacture and the ?ux guide units 
could also be milled, turned or cast and produced as a single 
piece or made up of several components. 

FIG. 5 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?ux guide units nested Within 
each other according to a third embodiment of the invention. 
The innermost ?ux guide unit is indicated by 92 and the ?ux 
guide units located further out are indicated by 94 and 96. In 
this third embodiment, each ?ux guide unit has an annular 
?ux concentrator section 92-1, 94-1, 96-1, three ?ux col 
lector sections 92-2, 94-2, 96-2 and a coil core 92-3, 94-3, 
96-3. For the rest, the comments made in respect of the 
second embodiment also apply to this third embodiment. 

FIG. 6 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?ux guide units nested Within 
each other according to a fourth embodiment of the inven 
tion. The innermost ?ux guide unit is indicated by 98 and the 
?ux guide units located further out are indicated by 100 and 
102. In this fourth embodiment, each ?ux guide unit has an 
annular ?ux concentrator section 98-1, 100-1, 102-1, four 
?ux collector sections 98-2, 100-2, 102-2 and tWo coil cores 
98-3, 100-3, 102-3. For the rest, the comments made in 
respect of the second embodiment also apply to this fourth 
embodiment. 
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FIG. 7 shows a punched/bent part Which can be used, for 
example, in the manufacture of the ?uX guide unit 98 in the 
fourth embodiment of the invention Which is shoWn in FIG. 
10. In FIG. 7, the continuous line indicates the ?uX guide 
unit 98 With the annular ?uX concentrator section 98-1, the 
four ?uX collector sections 98-2 and the tWo coil cores 98-3 
after the punch/bending process, and the broken line indi 
cates the contour of the punched/bent part before the bend 
ing process. 

FIG. 8 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?uX guide units nested Within 
each other according to a ?fth embodiment of the invention. 
In this embodiment, each ?uX guide unit is divided into tWo 
?uX guide pieces. The innermost ?uX guide unit includes 
tWo ?uX guide pieces 104-1 and 104-2, and each of the ?uX 
guide units located further out also include tWo ?uX guide 
pieces 106-1 and 106-2 or 108-1 and 108-2 respectively. 
Each of the tWo ?uX guide pieces of a ?uX guide unit are 
allocated to one phase of the motor and their ?uX concen 
trator sections lie in one plane. In an alternative embodi 
ment, the ?uX guide piece 104-2 can be laid in one plane 
With the ?uX guide pieces 106-1 and 108-2 and the ?uX 
guide piece 104-1 in one plane With the ?uX guide pieces 
106-2 and 108-1 With the purpose of minimiZing the amount 
of aXial space needed by the nested arrangement made up of 
the three ?uX guide units. The aXial lengths of the coil cores 
and ?uX guide pieces have to be adjusted accordingly. 

In this ?fth embodiment, each ?uX guide piece 104-1, 
104-2, 106-1, 106-2, 108-1, 108-2 has a ?uX concentrator 
section 104-11, 104-21, 106-11, 106-21, 108-11, 108-21 in 
the form of a part ring Which eXtends in particular over about 
1/3 of a circle. TWo ?uX collector sections 104-12, 104-22, 
106-12, 106-22, 108-12, 108-22 and a coil core 104-13, 
104-23, 106-13, 106-23, 108-13, 108-23 are connected to 
each ?uX concentrator section 104-11, 104-21, 106-11, 106 
21, 108-11, 108-21 resulting in an overall con?guration of 
four ?uX collector sections and tWo coil cores per ?uX guide 
unit. The special con?guration of the ?uX guide units in the 
?fth embodiment, Which are made up of tWo ?uX guide 
pieces, can have advantages for the manufacturing process 
since the individual ?uX guide pieces can be more easily 
formed. Another advantage of the ?fth embodiment is that 
the ?uX concentrator sections, each made up of three ?uX 
guide pieces, can be arranged in one plane so that only tWo 
planes are needed for the three ?uX guide units, Which means 
that the amount of space required for the entire assembly 
consisting of the three ?uX guide units can be reduced. 

For the rest, the comments made in respect of the second 
embodiment also apply to this ?fth embodiment. 

FIG. 9 shoWs a bottom vieW of an assembly Which 
includes three pre-mounted ?uX guide units nested Within 
each other according to a siXth embodiment of the invention. 
The embodiment is similar to the embodiment in FIG. 8 
although the number of coil cores for each ?uX guide unit is 
doubled. The innermost ?uX guide unit is indicated by 110 
and the ?uX guide units located further out are indicated by 
112 and 114. In this siXth embodiment, each ?uX guide unit 
has an annular ?uX concentrator section 110-1, 112-1, 114-1, 
four ?uX collector sections 110-2, 112-2, 114-2 and four coil 
cores 110-3, 112-3, 114-3. In contrast to the previous 
embodiments, the longitudinal coil cores 110-3, 112-3, 
114-3 do not eXtend longitudinally in a circumferential 
direction but rather radially to the rotational aXis of the 
permanent magnet of the electric motors. This embodiment 
can also have an advantage for the manufacture of the ?uX 
guide units as can be seen in FIG. 14. For the rest, the 
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10 
comments made in respect of the second embodiment also 
apply to this siXth embodiment. 

FIG. 10 shoWs a punched/bent piece Which can be used, 
for eXample, in the manufacture of the ?uX guide unit 110 in 
the siXth embodiment of the invention Which is shoWn in 
FIG. 13. FIG. 14 shoWs the ?uX guide unit 110 With the 
annular ?uX concentrator section 110-1, the four ?uX col 
lector sections 110-2 and the four coil cores 110-3 before the 
punch/bending process. As can be seen from FIG. 14, the 
?uX guide unit can be manufactured With the optimum 
utiliZation of material. 

FIG. 11 shoWs a schematic longitudinal vieW through the 
electric motor in accordance With a seventh embodiment of 
the invention Which is similar to the vieW in FIG. 2, Whereby 
in FIG. 11 the rotor and the rotor bearing are not illustrated. 
In FIG. 11 a ?rst ?uX guide unit is indicated by 114, a second 
?uX guide unit is indicated by 116 and a third ?uX guide unit 
is indicated by 118. The embodiment illustrated in FIG. 11 
differs from the previous embodiments in that the coil cores, 
eg 120, are formed as a single piece With the back iron yoke 
122. Thus, in this seventh embodiment, the coil cores, eg 
120, are ?rst formed as one piece With the back iron yoke 
122, then the coils 124 are placed on the coil cores before the 
back iron yoke 122, together With the coils 124, is ?tted to 
the ?uX guide units 114, 116, 118. For the rest, the comments 
made for the ?rst embodiment With reference to FIG. 2 
apply. 

In designing the rotor shaft 14 from a magnetically 
non-conductive material, or by using any other suitable 
means of magnetically de-coupling the stator and rotor, it is 
possible to integrate the bearing carriers 66, 68 for the rotor 
shaft bearings 60, 62 into the magnetic circuit and thus 
eliminate the need for additional motor ?anges. In the 
preferred embodiment of the invention, the bearing carriers 
are integrated into the outer ?uX collector 24 and the back 
yoke ring 58. 
The characteristics revealed in the above description, the 

claims and the ?gures can be important for the realiZation of 
the invention in its various embodiments both individually 
and in any combination Whatsoever. 

The invention claimed is: 
1. An electronically commutated electric motor compris 

ing: a multi-pole permanent magnet (18), a plurality of ?uX 
guide units (24, 26, 28) each of the ?uX guide units having 
at least one ?uX collector section (36, 38, 40) and one ?uX 
concentrator section (30, 32, 34), Wherein each ?uX guide 
unit (24, 26, 28) detects a radial magnetic ?uX from the 
permanent magnet (18) and redirects the radial magnetic 
?uX to a corresponding transversal magnetic ?uX; and a 
plurality of coils (52, 54, 56), each coil in communication 
With a ?uX guide unit (24, 26, 28); Wherein the ?uX guide 
units (24, 26, 28) are nested Within each other such that the 
?uX collector sections (36) of a ?uX guide unit (24) passes 
through a cavity (72, 78) of another ?uX guide unit (26, 28). 

2. The electric motor according to claim 1, Wherein the 
permanent magnet is arranged annularly on the rotor (10). 

3. The electric motor according to claim 1, further com 
prising a back yoke (16) for receiving the permanent magnet 
(18). 

4. The electric motor according to claim 1, Wherein the 
coils (52, 54, 56) are arranged on a corresponding coil core 
(46, 48, 50). 

5. The electric motor according to claim 4, Wherein the 
coil cores (46, 48, 50) are coupled to a back iron yoke (58). 

6. The electric motor according to claim 4, Wherein the 
?uX guide units (24, 26, 28) are arranged coaXially one on 
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top of one other such that the ?ux collector sections (36) and 
coil cores (46) of pass through cutouts (72, 78) in an inner 
?ux guide unit (26, 28). 

7. The electric motor according to claim 1, Wherein the 
?ux concentrator section (30, 32, 34) of a ?ux guide unit (24, 
26, 28) is essentially concentric With the permanent magnet 
(18). 

8. The electric motor according to claim 1, Wherein the 
?ux collector sections (36, 38, 40) are arranged circumfer 
entially about an associated ?ux concentrator (30, 32, 34). 

9. The electric motor according to claim 1, Wherein each 
?ux guide unit (24, 26, 28) is associated With a phase of the 
electric motor. 

10. The electric motor according to claim 1, Wherein one 
or four coils (52, 54, 56) are provided for each phase of the 
electric motor. 

11. The electric motor according to claim 5, Wherein an 
outer ?ux guide unit (24) and the back iron yoke (58) each 
accommodate bearings (60, 62) to support a rotor shaft (14). 

12. The electric motor according to claim 1, Wherein each 
?ux guide unit (24, 26, 28) comprises a number of ?ux 
collector sections (36, 38, 40) Which are regularly spaced in 
a circle concentric to the permanent magnet (18). 

13. The electric motor according to claim 1, Wherein the 
motor is an inner rotor motor or an outer rotor motor. 

14. The electric motor according to claim 1, Wherein the 
?ux collector sections (36, 38, 40) are attached to the inner 
circumference of a ?ux concentrator section (30, 32, 34). 
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15. The electric motor according to claim 12, Wherein a 

?ux collector (36, 38, 40) and a ?ux concentrator (30, 32, 
34) substantially form a right angle. 

16. The electric motor according to claim 1, Wherein the 
?ux collector sections (36, 38, 40) are interposed betWeen 
the magnet (18) and the coils (52, 54, 56). 

17. The electric motor according to claim 1, Wherein the 
electric motor is an electronically commutated DC motor. 

18. The electric motor according to claim 1, Wherein at 
least one coil is axially parallel to the permanent magnet 

(18). 
19. The electric motor according to claim 1, Wherein the 

permanent magnet is concentric With a shaft (14) of the rotor 

(10). 
20. The electric motor according to claim 4, Wherein at 

least one coil core (46, 48, 50) is axially parallel to the 
permanent magnet (18). 

21. The electric motor according to claim 4, Wherein at 
least one coil core (46, 48, 50) communicates With at least 
one ?ux concentrator (30, 32, 34). 

22. The electric motor according to claim 1, Wherein at 
least one ?ux collector (36, 38, 40) is aXially parallel to the 
permanent magnet (18). 


